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I. METHODOLOGY

The basic methodology ARB uses to determine cost-effectiveness of a regulation
is to determine what costs are involved to comply with the proposed regulation,
and to compare those costs to the emission reduction benefits to the public.
Staff summarizes this cost effectiveness as cost (in $) per pound of air pollutant
reduced, in this case diesel particulate matter (PM).  Staff calculated cost
effectiveness two ways for this regulation because although this rule is primarily
a PM-reduction measure, staff also estimates that significant reductions in HC
and NOx emissions will take place.

A. Implementation Schedule

The implementation schedule for the proposed regulation dictates a phase-in by
fleet and engine model year group (Table 1).  Staff assumed a best available
control technology (BACT) would be available for each model year engine.  Staff
also assumed collection vehicle owners would choose the least expensive BACT
to comply with this regulation.

Table 1. Implementation Schedule for Solid Waste Collection Vehicles,
Model Years 1960 to 2006.

Group Engine Model Years Percentage of
Group to Use BACT

Compliance
Deadline

1 1988 – 2002 10
25
50

100

December 31, 2004
December 31, 2005
December 31, 2006
December 31, 2007

2a 1960 – 1987 25
50
75

100

December 31, 2007
December 31, 2008
December 31, 2009
December 31, 2010

3 2003 – 2006 50
100

December 31, 2009
December 31, 2010

aGroup 2: An owner of an active fleet with 15 or more solid waste collection vehicles may not use
Level 1 technology as BACT.

B. Implementation Scenarios

PM emissions and exhaust temperatures dictate the type of diesel emission
control strategy (DECS) that can be used on a collection vehicle (See Technical
Support Document for further discussion).  Based on available data on DECS,
staff created three scenarios to determine emission reductions and economic
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impacts: the first is based on use of current verified DECSs (Table 2), the second
is based on an expansion of Level 1 verifications but no Level 2 DECS verified
(potential 1) (Table 3), and the third is based an expansion of Level 1
verifications plus Level 2 DECS verifications (potential 2) (Table 4 ).

Table 2. Implementation Scenario (Current).

Technology Option (By Percent Phase-In)

Group Eng MY %BACT Implementation Date Level 1 Level 2 Level 3a Repower OEh 0.01

10% 12/31/2004 17.0%  8.0%  
25% 12/31/2005 17.0%  8.0%  
50% 12/31/2006 17.0%  8.0%  

1
 
 

 

1994-2002g

32% of fleet
 
 100% 12/31/2007   5.0% 20.0% 

10% 12/31/2004 25.0%     
25% 12/31/2005 25.0%     
50% 12/31/2006 25.0%     

1
 
 
 

1991-1993g

14% of fleet
 
 100% 12/31/2007 5.0%   20.0% 

10% 12/31/2004      
25% 12/31/2005      
50% 12/31/2006      

100% 12/31/2007 50.0%

1
 
 
 
 

1988-1990c

18% of fleet
 Delay 12/31/2008 50.0%

25% 12/31/2007 22.8%
50% 12/31/2008 22.8%
75% 12/31/2009 22.8%

100% 12/31/2010 22.8%

2
 
 
 
 

1960-1987b

27% of fleet

Delay 12/31/2011 9.0%

50% 12/31/2009 14.1% 15.9% 20.0%
3

 

2003-
2006d,e

9% of fleet 100% 12/31/2010 14.1% 15.9% 20.0%

Percent of California’s Collection Vehicle Fleet Total: 30% 0% 12% 54% 4%

Notes:
a Only 1994-2002 MY engines were considered for passive diesel particulate filters based on
verification data.  Assumption based on manufacturer with lowest engine exhaust temperature
requirement.
b Nine percent of 1960-1986 vehicles are owned by companies with less than 15 vehicles (63 percent
of surveyed companies).
c Assume all vehicles will repower and have BACT delays since no DECS are currently available.
d Assume current Level 3 verification will be extended to 2003-2006 MYs.
e Assume current Level 1 verification will be extended to 2003-2006 MYs.
f Assume small fleets (<15 vehicles) will have no DECS available and receive implementation delay
to 2011.
g Assume 20 percent repower even though DECS currently available to these model years due to
expected preference of some collection vehicle owners.
h Original equipment – purchased new.
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Table 3. Implementation Scenario (Potential 1) - no Level 2 verified.

Technology Option (By Percent Phase-In)

Group Eng MY %BACT Implementation Date Level 1 Level 2 Level 3a Repower OEg 0.01

1 1994-2002 f 10% 12/31/2004 17.0% 8.0%
 32% of fleet 25% 12/31/2005 17.0% 8.0%
 50% 12/31/2006 17.0% 8.0%

 100% 12/31/2007 5.0% 20.0%

1 1991-1993c, f 10% 12/31/2004 25.0%
 14% of fleet 25% 12/31/2005 25.0%
 50% 12/31/2006 25.0%
 100% 12/31/2007 5.0% 20.0%

1 1988-1990c, f 10% 12/31/2004 25.0%
 18% of fleet 25% 12/31/2005 25.0%
 50% 12/31/2006 25.0%
 100% 12/31/2007 5.0% 20.0%

2 1960-1987b,c, f 25% 12/31/2007 2.3% 22.8%
 27% of fleet 50% 12/31/2008 2.3% 22.8%
 75% 12/31/2009 2.3% 22.8%
 100% 12/31/2010 2.3% 22.8%

3 2003-2006d,e 50% 12/31/2009 14.0% 16.0% 20.0%
 9% of fleet 100% 12/31/2010 14.0% 16.0% 20.0%

Percent of California’s Collection Vehicle Fleet Total: 47% 0% 12% 37% 4%

Notes:
a Only 1994-2002 MY engines were considered for passive diesel particulate filters based on
verification data.
Assumption based on manufacturer with lowest engine exhaust temperature requirement.
b Nine percent of 1960-1986 vehicles are owned by companies with less than 15 vehicles (63 percent
of surveyed companies).
c Assume current Level 1 verification will be extended to 1960-1993 MYs.
d Assume current Level 3 verification will be extended to 2003-2006 MYs.
e Assume current Level 1 verification will be extended to 2003-2006 MYs.
f Assume 20 percent repower even though DECS either currently or expected to be available to these
model years due to expected preference of some collection vehicle owners.
g Original equipment – purchased new.
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Table 4. Implementation Scenario (Potential 2) – All Levels Verified.
Technology Option (By Percent Phase-In)

Group Eng MY %BACT Implementation Date Level 1 Level 2 Level 3a Repower OEh 0.01

10% 12/31/2004 17.0% 8.0%
25% 12/31/2005 17.0% 8.0%
50% 12/31/2006 17.0% 8.0%

1
 
 

 

1994-2002 c, e

32% of fleet

100% 12/31/2007 5.0% 20.0%

10% 12/31/2004 25.0%
25% 12/31/2005 25.0%
50% 12/31/2006 25.0%

1
 
 
 

1991-1993c,e

14% of fleet

100% 12/31/2007 5.0% 20.0%

10% 12/31/2004 2.0% 23.0%
25% 12/31/2005 2.0% 23.0%
50% 12/31/2006 2.0% 23.0%

1
 
 
 

1988-1990c,e,f

18% of fleet

100% 12/31/2007 2.0% 3.0% 20.0%

25% 12/31/2007 2.0% 0.25% 22.75%
50% 12/31/2008 2.0% 0.25% 22.75%
75% 12/31/2009 2.0% 0.25% 22.75%

2
 
 
 

1960-1987b,e,f

27% of fleet

100% 12/31/2010 2.0% 0.25% 22.75%

50% 12/31/2009 14.0% 16.0% 20.0%3
 

2003-2006d,e

9% of fleet 100% 12/31/2010 14.0% 16.0% 20.0%

Percent of California’s Collection Vehicle Fleet Total: 4% 43% 12% 37% 4%

Notes:
a Only 1994-2002 MY engines were considered for passive diesel particulate filters based on
verification data.  Assumption based on manufacturer with lowest engine exhaust temperature
requirement.
b Nine percent of 1960-1986 vehicles are owned by companies with less than 15 vehicles. (63
percent of surveyed companies.)
c Assume 20 percent repower even though DECS currently or expected to be available to these
model years due to expected preference of some collection vehicle owners.
d Assume current Level 3 verification will be extended to 2003-2006 MYs.
e Assume a PuriNOx+DOC Level 2 could be verified for all model years.
f Assume a small percentage of fleet may not be able to use Level 2 devices.
g Assume low sulfur fuel used for only installed diesel particulate filters before 2006.
h Original equipment – purchased new.

C. Cost Calculations

Two types of costs were accounted for in the cost effectiveness analysis, capital
costs and operation and maintenance (O & M) costs.  For each cost, ARB
determined the range of costs from the published literature and from estimates
supplied by experts during phone inquiries.  Taking the collected data, staff
calculated a low, average, and high amount for each cost.  It is important to note
that since most of these costs are predictive, they could vary significantly
depending on the state of the economy, demand, competition, and other as yet
unknown factors.



F-5

1. Capital Costs

As an example of how costs will likely decrease over time, staff compared future
predicted and current capital costs for a passive diesel particulate filter (DPF).
Capital costs for a passive DPF include the cost of the device, an engine
backpressure monitor, and its installation.  In general, the horsepower of the
engine determines a passive DPF's cost.  Table 5 provides an estimate of the
current cost to retrofit on-road engines and vehicles with catalyst-based DPFs.
This information assumes a cost of $10 to $20 per horsepower, as reported by
the Manufacturers of Emission Controls Association (MECA 2000).  Based on an
ARB survey, the average horsepower of a collection vehicle engine is 245, falling
around the medium heavy-duty (MHD) categories' costs of $2,500 to $5,000.

Table 5. Capital Costs Associated with a Passive DPF Retrofit of On-Road
Engines
Vehicle Class LHD MHD HHD

Average Horsepower1 190 hp 250 hp 475 hp

Passive DPF $1,900 - $3,800 $2,500 - $5,000 $4,750 - $9,500

In contrast to the retrofit costs presented in Table 5, Table 6  presents the United
States Environmental Protection Agency’s (U.S. EPA’s) estimate of the future
(2007) costs of applying passive DPFs to new on-road engines and vehicles (U.
S. EPA 2000).  The U.S. EPA estimates are based on higher production
volumes, and they are similar to the future cost projections presented by
manufacturers (MECA 2000).

Table 6. Future (2007) Catalyst-Based DPF Costs for On-Road Engines
Vehicle Class LHD MHD HHD

Average Horsepower2 190 hp 250 hp 475 hp

Catalyst-Based DPF Costs3 $670 $890 $1,100

Based on the costs from these two tables and the average horsepower for a
collection vehicle, the estimated average passive DPF capital costs could be a

                                                
1 The average horsepower was derived from the U.S. EPA’s engine

certification database for LHDD, MHDD, and HHDD engines for model years
1999 and 2000.

2 The engine horsepower ranges were derived from the U.S. EPA’s engine
certification database for LHDD, MHDD, and HHDD engines for model years
1999 and 2000.

3 The U.S. EPA Catalyst Based-DPF cost estimates include both fixed costs
(e.g., tooling, research and development, and certification) and variable costs
(e.g., hardware, assembly and markup).
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high of $5,000 currently to a low of $890 in 2007.  The current cost is consistent
with those City of Los Angeles recently paid for an order of passive DPF, $4,900,
which included the cost of backpressure monitors (ARB 2003).  A stark contrast
therefore exists between the current costs associated with retrofitting existing
engines and the future costs associated with applying DPFs to new engines and
vehicles.

Staff expects, however, these costs will decline as production volumes and
experience increase, and that, over the next five years, the current retrofit costs
(Table 5) will approach the new engine DPF costs (Table 6).

The cost of installation and an engine backpressure monitor were not factored
into these current and projected costs.  Staff interviewed heavy-duty diesel repair
shop personnel for the cost of a muffler installation to estimate the time needed
for installation and the cost associated with the mechanic's time.  Installation
takes between two and a half to five hours of time for installation, and labor costs
ranged from $160 to $480.  This was also consistent with a recent fleet purchase
experience.  The City of Los Angeles paid $475 per unit installed (ARB 2003).
Staff assumed this cost would be applicable to all hardware DECS, i.e., DPFs
and diesel oxidation catalysts (DOCs).  An engine backpressure monitor costs
between $1000 and $1200 currently.  Therefore, the current average capital cost
for a passive DPF would be approximately $5300.

Also, the current costs are not representative of the higher end of the range of
capital costs associated with a passive DPF.  Additional sources quote costs
upwards of $9000 (Cai-infopool 2002) and $8000 (Fuelstar 2000).  Factoring
these higher costs into the capital cost provides a high capital cost of $10,700.
These high end costs for passive DPF are reflective of the current costs
associated with the capital costs associated with active DPF.  No capital active
DPF costs were discovered in the literature, but from meetings with
manufacturers and quotes for demonstration devices, ARB staff found the range
of capital costs to be from $6200 to $16,700 with an average cost of $11,800.

On the other hand, the current capital costs of DOCs are nearer the low end of
the range of costs associated with passive DPF.  The costs for these devices
range from $700 to $6500 with an average of $3100 (MECA 2000, Clean Air
Counts 2002, Fuelstar 2000, Worldbank 2001).

2. Operation and Maintenance Costs

O & M costs considered by staff included the cost for cleaning the trap, the
incremental fuel cost to convert to diesel fuel with a sulfur content of 15 parts per
million by weight or less (low sulfur diesel fuel), and the incremental cost
associated with transportation of this fuel.  Based on conversations with the
DECS manufacturers and personnel involved with demonstration programs, staff
determined the number of cleanings would be on the average one to two times a
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year or less, dependent on the DECS and other vehicle variables, such as oil
consumption.

The incremental cost of producing low sulfur diesel fuel is expected to be
somewhat higher than CARB diesel.  Until low sulfur diesel fuel is used on a
statewide basis for all diesel fleets, beginning with the federal diesel fuel rule in
mid-2006, fuel will likely not be transported through the existing pipeline but by
delivery trucks.  Staff assumed an incremental fuel transportation cost for fiscal
years (FY) 2004 and 2005 would vary depending on the distance from the
refinery rack to the tank.  In phone conversations with fuel transporters, staff
calculated a range of transportation costs in dollars per gallon for transportation
from zero to 50 miles, 50 to 100, 100-200, and 200-300, the assumed maximum
distance needed to travel from the rack to any location requiring the low sulfur
diesel fuel in California.  Total O & M costs per vehicle ranged from $220 to $910
with an average cost of $510 per year before the mid-2006 low sulfur diesel fuel
federal rule begins.

Those who do opt to use an ARB verified fuel DECS in lieu of low sulfur diesel
fuel may do so.  The only option currently available, but not ARB verified, is
Lubrizol’s PuriNOxTM, a fuel-water emulsion.  PuriNOxTM costs are based solely
on incremental O & M costs of approximately 25 cents per gallon.

After the U.S. EPA low sulfur diesel fuel rule is implemented in mid-2006, no
additional fuel or fuel transportation costs would apply, since all on-road heavy-
duty diesel trucks would be expected to use this fuel regardless of our regulation,
and, therefore, the volume would be sufficient to transport the fuel the normal
method, which is via the pipeline and then fuel tanker trucks, not just fuel tanker
trucks, as discussed above.  The only additional cost to owners for O & M would
then be the cost of increased inspection and DECS cleanings, which ranged from
zero cost to $190 per year, with an average cost of $80.

The costs for various DECS staff believes might be used as options to meet the
requirements of this regulation, therefore, might vary substantially between the
strategies (Table 7 ).  The option that is most cost effective (i.e., the least cost
option responsible for the greatest decrease in diesel PM emissions) is the
passive DPF.  Since this option will likely not be available to all, staff have
accounted for the other technologies that might be used in the cost effectiveness
of this regulation.
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Table 7. Average Costs Associated with Possible DECS used for
Collection Vehicles.
Cost Passive

DPF
Active
DPF

PuriNOxTM, a DOC

Capital
Hardware $3,980 $10,500 N/A $2,830
Installation $290 $290 N/A $290
Engine Backpressure Monitor $1,000 $1,000 N/A N/A
Total $5,270 $11,790 N/A $,3120
Annual O & M
Increased Maintenance $80 $80 N/A $80
Incremental Fuel $200b $200 $2750 $200
Incremental Transportation of Fuel $230 $230 Included $230
Total $510 $510 $2750 $510
a In order to verify PuriNOxTM as a Level 2 DECS, it will likely need to use a DOC.
b This is the fuel cost for 15 ppmw or less sulfur diesel fuel.

D. Repower Costs

The cost to repower an engine to meet a 0.01 g/bhp-hr PM emission standard
(2007 or later model years) will vary according to the engine model year and
vehicle type from which it is being converted.  Replacing an electronically-
controlled fuel injection engine (1994 and newer model years) with a 2007 or
later model year engine is expected to cost less than replacing a mechanically-
controlled fuel injection engine of earlier vintage due to the challenges associated
with conversion of mechanical to electronic systems.  In some instances it may
not be possible to upgrade engines because of space constraints in the engine
compartment of the vehicle.  An owner would, therefore, need to consider using a
DECS or replacing the entire vehicle.  In other cases it may be more cost
effective to comply by replacing a pre-1994 model year engine with a 1994 to
2006 model year engine and installing a diesel particulate filter.

To determine the costs associated with repowering an engine to meet the 0.01
g/bhp-hr PM emission standard ARB staff surveyed engine providers.  While
engine providers could not predict the cost of a 2007 engine, they could supply
ARB staff with current cost of repowering an older model year engine to a newer
model year engine to meet current particulate emission standards.  Staff found
the cost to repower to a pre-2007 model year engine ranged from $21,000 to
$90,000, according to the original and the new makes and model years of the
engines.  Since these engines would still require additional diesel emission
control to meet the best available control technology requirement for this
regulation, staff included the average cost of a DPF.  Based on the data, the
average total cost used in this analysis is $50,000 (Table 8 )
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Table 8. Engine Repower Capital Costs.
New Engine (pre-2007) Plus Installation Capital Cost
Average Total Cost $45,000
Average Cost of DPF $5,000
Total Repower Capital Costs $50,000

While not quantified, two benefits offset the initial cost of repowering an engine,
increased fuel economy and decreased maintenance costs.  The fuel economy
benefit will vary depending on the engine replaced, but as collection vehicles
typically achieve only two to three miles per gallon, any fuel economy benefit
would result in a significant savings, helping the owner recoup the costs
associated with the repower.  Similarly, decreased maintenance would result in
increased time on the road and fewer repair costs, thus reducing repower costs.

E. Cost-Effectiveness Calculation

Staff determined the amount of PM, HC, and NOx reduced per year based on the
implementation of this proposed regulation.  Using one method, staff determined
cost-effectiveness by dividing the total discounted capital costs plus annual O &
M costs by the annual tons of diesel PM reduced.  Using the second method,
staff allocated half of the costs to PM reduced and half of the costs to HC and
NOx reduced.

In order to arrive at the discounted capital costs for the regulation, staff multiplied
the capital costs by the capital recovery factor4, and assumed a lifetime of the
DECS based on the minimum warranty period of five years with an annual
interest rate of seven percent.5  Certain technologies, such as a DPF, will likely
last much longer than five years in a well-maintained vehicle, as some DPFs
have been operating for over 300,000 miles in the U.S.  Average collection
vehicle mileage is 15,635 miles per year6 and thus at a minimum a DPF is
expected to operate for about ten years.  Five years life for DECSs was used in
an effort to make a conservative estimate.  Clearly, the cost-effectiveness would
be lower if a DECS has a longer lifetime than estimated here.

1. All Costs Allocated to PM Reduction

The average costs of implementing the program from December 31, 2004, to
December 31, 2010, were included in the cost-effectiveness calculation (Tables
9, 10, & 11).  The average cost effectiveness of the program, considering the

                                                
4 Capital Recovery Rate Factor: 480r(1+r)^N/[(1+r)^N-1], where r = the annual
interest rate, and N = lifetime of project (in years) (Linsley 1977).
5 USEPA uses the factor to calculate costs of environmental programs.
6 ARB.  2001.  Averages of survey of three solid waste collection vehicle
companies.
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range of costs and implementation scenarios, is about $28 per pound diesel PM
reduced.  The staff predicts the cost may be lower than this average, based on
past experience and because engine manufacturers will need to begin ordering
DPFs to the meet 2007 federal PM emission standard of 0.01 g/bhp-hr, thus
increasing volume.

In comparing the three implementation scenarios, the current (Table 9) and
potential 1 (Table 10) implementation scenarios are the most cost-effective due
to their low operation and maintenance costs.  The Level 2 DECS used in the
calculation for potential 2 implementation scenario is the fuel-water emulsion
strategy (Table 11).  It is also possible the flow through filter will be verified (see
Technical Support Document).  This would bring the costs down closer to the
current (Table 9) or potential 1 (Table 10) values.

Table 9. Average Cost Effectiveness Current Implementation Scenario:  All
Costs Allocated to PM Reduction.

Fiscal Year Diesel PM Reduced
(lb/yr)

Total Annual Cost
($/yr)

Cost per Pound
PM Reduced

2004 14,600 312,629
2005 36,500 1,053,949
2006 58,400 1,944,575
2007 292,000 9,594,848
2008 529,980 14,133,995
2009 677,440 16,680,221
2010 836,580 18,991,886

TOTAL 2,445,500 62,712,103 $26/lb

Table 10. Average Cost Effectiveness of Potential 1 Implementation
Scenario: All Costs Allocated to PM Reduction.

Fiscal Year Diesel PM Reduced
(lb/yr)

Total Annual Cost
($/yr)

Cost per Pound
 PM Reduced

2004 29,200 404,300
2005 65,700 1,385,794
2006 189,800 2,568,926
2007 284,700 8,340,353
2008 435,080 10,248,704
2009 589,110 12,775,813
2010 748,250 15,046,370

TOTAL 2,341,840 50,770,260 $22/lb
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Table 11. Average Cost Effectiveness of Potential 2 Implementation
Scenario:  All Costs Allocated to PM Reduction.

Fiscal Year Diesel PM Reduced
(lb/yr)

Total Annual Cost
($/yr)

Cost per Pound
 PM Reduced

2004 51,100 780,217
2005 109,500 3,675,875
2006 365,000 7,450,861
2007 355,510 17,968,961
2008 525,600 19,294,463
2009 659,190 21,572,430
2010 819,060 23,678,553

TOTAL: 2,884,960 94,421,361 $33/lb

2. Costs Split Between PM and HC+NOx Reductions

Along with reducing diesel PM, each control technology also reduces HC
emissions, and some, such as a new engine, also reduce NOx emissions.  Staff
therefore has calculated cost-effectiveness by allocating half of the costs to HC
and NOx reductions and the other half to PM reductions.  Using this method, the
average cost-effectiveness over the implementation of this rule is $0.71/lb
HC+NOx and $13/lb PM reduced (Tables 12, 13, & 14).

Table 12. Average Cost-Effectiveness of Current Implementation Scenario:
Costs Split Between PM and HC+NOX.

Cost per Pound
ReducedFiscal

Year

Diesel PM
Reduced

(lb/yr)

HC+NOX
Reduced

(lb/yr)

Half of Annual
Costs ($/yr)

PM HC+NOx
2004 14,600 102,200 156,315
2005 36,500 197,100 526,974
2006 58,400 299,300 972,288
2007 292,000 6,862,000 4,797,424
2008 529,980 11,300,400 7,066,997
2009 677,440 12,132,600 8,340,110
2010 836,580 14,344,500 9,495,943

TOTAL 2,445,500 45,238,100 31,356,051 $12.82/lb $0.69/lb
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Table 13. Average Cost-Effectiveness of Potential 1 Implementation
Scenario:  Costs Split Between PM and HC+NOX.

Cost per Pound
ReducedFiscal

Year

Diesel PM
Reduced

(lb/yr)

HC+NOX
Reduced

(lb/yr)

Half of Annual
Costs ($/yr)

PM HC+NOx
2004 29,200 167,900 202,150
2005 65,700 328,500 692,897
2006 189,800 496,400 1,284,463
2007 284,700 6,007,900 4,170,177
2008 435,080 8,548,300 5,124,352
2009 589,110 9,862,300 6,387,906
2010 748,250 12,185,890 7,523,185

TOTAL 2,341,840 37,597,190 25,385,130 $10.84/lb $0.67/lb

Table 14. Average Cost-Effectiveness of Potential 2 Implementation
Scenario:  Costs Split Between PM and HC+NOX.

Cost per Pound
Reduced

Fiscal
Year

Diesel PM
Reduced

(lb/yr)

HC+NOX
Reduced

(lb/yr)

Half of Annual
Costs ($/yr) PM HC+NOx

2004 51,100 1,533,000 390,109
2005 109,500 3,197,400 1,837,938
2006 365,000 4,657,400 3,725,430
2007 355,510 10,891,600 8,984,481
2008 525,600 12,972,100 9,647,231
2009 659,190 13,505,000 10,786,215
2010 819,060 15,786,980 11,839,276

TOTAL 2,884,960 62,543,480 47,210,680 $16.36/lb $0.75

II. OTHER COST FACTORS

A number of costs are not factored into the cost effectiveness analysis because
of lack of available information.  The costs accounted for above do not include
administrative costs (see form 399 attachment for these).  From discussions with
trap manufacturers, ARB staff assumed the DECS manufacturer would provide
maintenance training at no additional charge.

Staff also assumed incremental fuel transportation cost would disappear for
those collection vehicles using DECS requiring the use of low sulfur diesel fuel
after July 1, 2006, when, for on-road vehicles nationwide, diesel fuel will all be
low sulfur.  The incremental fuel transportation cost is based on the assumption
that the cost to transport the low sulfur diesel fuel will be higher than after the fuel
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is required nationwide.  With low throughput of the fuel would come a greater
transmix between gasoline and diesel grade fuel, increasing the cost to the fuel
providers.  Staff assumes the 2006 fuel rule full conversion of the fleet would be
the maximum required to return to use of the pipeline.  The possibility exists that
the pipeline could be used earlier, making our calculation of cost high for this
item.

Staff assumed no fuel economy penalty would exist from the use of a DECS.
This is based on staff experience with the verification procedure and the inability
of studies to determine an impact, either positive or negative (LeTavec et al
2000, LeTavec et al 2002).   A slight penalty or benefit may exist, but until more
conclusive data is available staff assumed either would be negligible.  Also, staff
did not include costs associated with any fuel economy and maintenance
benefits that might be associated with repowers.  Staff believes these savings
likely exist.

Staff also assumed the fee for disposal of ash from a DPF would be negligible.
From cleaning of the DPF during the ARB demonstration and testing program,
ARB staff estimated the weight of weight ash to be approximately ten to 15
grams per disposal, which is dependent upon oil consumption.  The quantity of
ash would be greater with more than average oil consumption.  Based on
conversations with the DECS manufacturers and demonstration program
experience, staff determined the number of cleanings would be one to two times
a year or less, dependent on the DECS and other vehicle variables, such as oil
consumption.

Staff determined the quantity of ash that might be generated by a fleet of ten,
100, or 1000 collection vehicles (Table 15).  Since the quantity was so low, the
collection vehicle owner would qualify as a conditionally exempt small quantity
generator.  According to the Department for Toxic Substances Control, no permit
is required for less than 55 gallons of hazardous waste accumulation (DTSC
2001).  Typically, a hazardous waste may be stored on-site for 180 days or less,
after the site has accumulated 100 kilograms of waste.  In order to accumulate
100 kg of ash for this scenario, it would take between three and ten years.  Due
to the length of time to accumulate ash and to the variability in ash quantity, staff
did not include this cost in the cost effectiveness analysis.  The cost to dispose of
a 55-gallon drum of ash would cost about $200 (Girstenson 2001).

Table 15. Ash Disposal Analysis

Ash Accumulation (in grams per year)Number of
Trucks Low Average High

Years to
Accumulate 100

kg of Ash
10 100 200 300 10
100 1000 2000 3000 5
1000 10,000 20,000 30,000 3
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